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A NOVEL CANCER DRUG SCREEN BASED ON 
CELL CYCLE UNCOUPLING 

This invention was made using U.S. government grants from the NIH 
CA43460, CA62924, CA35494, GM07309, and GM07184. Therefore the U.S. 
government retains certain rights to the invention. 
BACKGROUND OF THE TNWNTTON 

Precise coordination of the S and M phases of the eukaryotic cell cycle is 
critical not only for normal cell division, but also for effective growth arrest under 
conditions of stress. When damaged, a cell must communicate signals to both the 
mitotic and DNA synthesis machineries so that a mitotic block is not followed by 
an extra S phase, or vice versa. The biochemical mechanisms regulating this 
coordination, tamed checkpoints, have been identified in lower eukaryotes, but 
are largely unknown in mammalian cells 1 * 3 . 

DNA-damaging agents are used in the clinic to preferentially kill cancer 
cells. However, there is a need in the art to discover additional therapeutic agents 
which are selectively toxic to cancer cells. 
SUMMARY OF THE INVENTION 

It is an object of the invention to provide methods for screening for anti- 
cancer drugs. 
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It is another object of the invention to provide cell lines useful for 
screening for anti-cancer drugs. 

These and other objects of the invention are provided by one or more of 
the embodiments described below. In one embodiment of the invention, a method 
for screening test compounds to identify those which are potential anti-tumor 
agents is provided. The method comprises the steps of: determining DNA content 
of checkpoint gene-defective human cells incubated in the presence and in the 
absence of a test compound, wherein a test compound which causes DNA 
accumulation in the checkpoint gene-defective cell is identified as a potential anti- 
tumor agent. 

In another embodiment of the invention, a different method of screening for 
potential anti-tumor agents is provided. The method comprises the steps of: 
determining viability or apoptosis of checkpoint gene-defective human cells 
incubated in the presence and in the absence of a test compound; selecting a test 
compound which causes cell death or apoptosis in the checkpoint gene-defective 
cell. 

In yet another embodiment of the invention a homozygous checkpoint gene- 
defective human cell line is provided. 

In still another embodiment of the invention a pair of isogenic cell lines is 
provided. The first cell line is a homozygous checkpoint gene-defective human 
cell line and the second cell line is a homozygous checkpoint gene-normal human 
cell line. 

These and other embodiments of the invention provide the art with new 
methods and cell lines for screening potential anti-tumor agents. 



WO 97/34640 



3 



PCT/US97/02660 



BRIEF DESC RIPTION OF THE DRAWINGS 

Figure 1 shows apoptosis in p21-deficient cells. Cells were grown for 90 
hours in the presence of adriamycin and viewed with phase contrast microscopy 
(la), after staining with the DNA-binding dye H33258 (lb), or after staining with 
the TUNEL assay to detect fragmented DNA (lc). 

Figure 2 demonstrates the kinetics of apoptosis following treatment of p21- 
deficient cells with drugs or irradiation. Cells were treated with adriamycin (0.2 
ug/ml), etoposide (5 ug/ml), or camptothecan (0.1 ug/ml), or gamma irradiated 
(12 Gy). At the indicated times, cells were harvested, stained with the DNA- 
binding dye H33258, and viewed by fluorescence microscopy to determine the 
fraction of apoptotic cells. 

Figure 3 shows cell cycle analysis of drug treated cells. Cells with or 
without intact p21 genes woe stained following various periods of drug treatment 
and examined by flow cytometry. The cells were untreated (Figure 3a, and 3b), 
treated with adriamycin (Figure 3c, 3d, 3e, 3f, 3g, and 3h) or etoposide (Figure 
3m, 3n, 3o, and 3p) for the indicated time periods, or treated with gamma 
irradiation and examined 30-60 hours lata- (Figure 3i, 3j, 3k, and 31). 

Figure 4 demonstrates DNA synthesis and fluorescence in situ 
hybridization in p21-deficient and p21-positive cells. Cells without (4a, 4b) or 
ith (4c, 4d) intact p21 genes were treated with adriamycin, pulse-labeled with 
BrdU to assess DNA synthesis, fixed and hybridized with a chromosome 3 probe 
by FISH (4a, 4c), thai stained with the DNA-binding dye DAPI (4a, 4c) and anti- 
BrdU antibodies (4b, 4d). Hybridization signals from FISH are visualized as white 
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dots, while nuclear morphology is revealed by the blue DAPI stain. Note that a 
single, lobulated nucleus is shown in 4a and 4b. 
DETAILED nrcSCMFlTON OF THE INVENTION 

It is a discovery of the present inventors that checkpoint gene-defective 
human cells are particularly useful for screening potential anti-tumor agents. This 
discovery is based on die observation that agents which are already known in die 
art to be particularly effective anti-tumor agents have a pronounced and detectable 
physiological effect on cells which are checkpoint gene-defective, e.g., p21- 
negative. In the absence of a functional cell cycle checkpoint, DNA-damaged cells 
arrest in G2 but then undergo additional S phases without intervening normal 
mitoses. They thereby acquire grossly deformed, polyploid nuclei and 
subsequently die through apoptosis. 

According to the present invention, potential therapeutic agents are screened 
for the ability to cause DNA accumulation or cell death in checkpoint gene- 
defective human cells. Preferably, agents are screened for the ability to 
preferentially cause DNA accumulation or cell death in checkpoint gene-defective 
human cells as compared to (dieckpoint gene-normal human cells. More 
preferably, agents are screened for the ability to cause DNA accumulation to at 
least four times the haploid DNA content of the checkpoint gene-defective human 
cells. 

A checkpoint gene is a gene whose product is involved in regulation of 
transitions between different cell cycle phases. Examples of such transitions or 
checkpoints are the initiation and the completion of DNA replication (S phase) and 
of cell division (M phase). Several checkpoints are regulated by a family of 
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protein kinases, the CDKs, and their obligate activating partners, the cyclins. 
Deregulation of a transition occurs as a consequence of either the aberrant 
expression of positive regulators, such as the cyclins, or the loss of negative 
regulators, such as the CDK inhibitors, e.g. f p21, pl6, pl5, p27 and p53. Any 
gene encoding positive or negative regulators of cell cycle checkpoints is a 
checkpoint gene and is contemplated for use in the present invention. In 
particular, genes encoding CDK inhibitors, e.g. , p21, pl6, plS, p27, and pS3 are 
preferred* A checkpoint gene-defective cell is one which lacks one or two wild- 
type checkpoint gene alleles or is deficient in a checkpoint gene function. The 
defects may be due to abnormal expression of a checkpoint gene or mutation in a 
checkpoint gene. In a preferred embodiment, a checkpoint gene-defective cell 
lacks both wild-type checkpoint gene alleles, i.e., is homozygous. 

Any means known in the art to generate a cell line which is defective in a 
known checkpoint gene can be used to obtain the checkpoint gene-defective cells. 
For example, a colonic cell line can be used to give rise to an isogenic p21- 
negative colonic cell line by promoteriess homologous recombination 5 . The 
disclosure of reference 5 is expressly incorporated herein. A cell with two wild- 
type alleles of a checkpoint gene is a checkpoint gene-normal cell, for purposes of 
die present invention. Preferably, the checkpoint gene-defective cell used in the 
assay is the same type of cell (organ source) as the checkpoint gene-defective cell. 
More preferably the two cell lines are isogenic. 

The DNA content of a cell incubated in the presence or absence of a test 
compound can be determined by any means known in the art. A DNA-binding dye 
may be employed to measure the DNA content. Procedures are available in the 
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art to harvest cells, stain them with a DNA-binding dye, e.g., propidium iodide 
or H33258, and measure the incorporation of the .DNA-binding dye by flow 
cytometry. Flow cytometry provides an ordinary artisan with information on the 
percentage of cells in a tested population with a diploid DNA content (2C), four 
times of haploid (4C), eight times of haploid (8C), etc. Alternatively, the DNA 
content of a cell can be determined by fluorescence in situ hybridization (FISH). 
Cells can be harvested, fixed on a slide, and hybridized with a chromosome probe* 
The DNA probe can be labeled and detected under fluorescence microscopy by any 
means known in the art In one particular method, the DNA probe is biotinylated 
by nick translation and detected with fluorescein isothiocyanate (FTTC) conjugated 
to avidin. The DNA content of a cell can be obtained by quantifying the intensity 
of the fluorescein signal through digital image acquisition and processing, which 
are readily available in the art 

It is well known in the art that viability of a cell can be determined by 
contacting the cell with a dye and viewing it under a microscope* Viable cells can 
be observed to have an intact membrane and do not stain, whereas dying or dead 
cells having "leaky" membranes do stain. Incorporation of the dye by the cell 
indicates the death of the cell. The most common dye used in the art for this 
purpose is trypan blue. Viability of cells can also be determined by detecting 
?NA synthesis* Cells can be cultured in cell medium with labeled nucleotides, 
e.g., 3 H thymidine. The uptake or incorporation of the labeled nucleotides 
indicates DNA synthesis. In addition, colones formed by cells cultured in medium 
indicate cell growth and is another way to test viability of the cells. 
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Apoptosis is a specific mode of cell death recognized by a characteristic 
pattern of morphological, biochemical, and molecular changes. Cells going 
through apoptosis appear shrunken, and rounded; they also can be observed to 
become detached from culture dish. The morphological changes involve a 
characteristic pattern of condensation of chromatin and cytoplasm which can be 
readily identified by microscopy. When stained with a DiNfA-binding dye, e.g. , 
H33258, apoptotic cells display classic condensed and punctate nuclei instead of 
homogeneous and round nuclei. 

A hallmark of apoptosis is endonucleolysis, a molecular change in which 
nuclear DNA is initially degraded at the linker sections of nucleosomes to give rise 
to fragments equivalent to single and multiple nucleosomes. When these DNA 
fragments are subjected to gel electrophoresis, they reveal a series of DNA bands 
which are positioned approximately equally distant from each other on the gel. 
The size difference between the two bands next to each other is about the length 
of one nucleosome, i.e. , 120 base pairs. This characteristic display of the DNA 
bands is called a DNA ladder and it indicates apoptosis of the cell. Apoptotic cells 
can be identified by flow cytometric methods based on measurement of cellular 
DNA content, increased sensitivity of DNA to denaturation, or altered light 
scattering p roperties. These methods are well known in the art and are within the 
contemplation of the invention. 

Abnormal DNA breaks are also characteristic of apoptosis and can be 
detected by any means known in the art. In one preferred embodiment, DNA 
breaks are labeled with biotinylated dUTP (b-dUTP). Cells are fixed and 
incubated in the presence of biotinylated dUTP with either exogenous terminal 
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transferase (terminal DNA transferase assay; TdT assay) or DNA polymerase (nick 
translation assay; NT assay). The biotinylated dUTP is incorporated into the 
chromosome at the places where abnormal DNA breaks are repaired, and are 
detected with fluorescein conjugated to avidin under fluorescence microscopy. 

The following examples are provided for exemplification purposes only and 
are not intended to limit the scope of the invention which has been described in 
broad terms above. 

Example U Apophysis In p21-Pcficient Cells 

HCT116 cells with (+/+) or without (-/-) p21 genes were generated by 
homologous recombination. Logarithmically-growing cells in McCoy's 5A 
medium with 10% fetal calf serum were treated with Adriamycin (0.2 ug/ml) for 
90 hours. In Figure lb, the adherent cells were harvested by trypsinization and 
combined with cells floating in the media. After washing with Hanks Buffered 
Saline (HBS; life Technologies), cells were resuspended in 40 ul HBS and added 
to 360 ul of a solution containing 0.7% NP-40, 4.7% formaldehyde and 11 ug/ml 
H33258 in phosphate buffered saline (PBS). Cells were then viewed under UV 
excitation and photographed with a Nikon Labophot microscope. In Figure 1c, 
adherent cells were fixed in 1% formaldehyde, then incubated in the presence of 
exogenous terminal transferase and biotin-ll-dUTP as previously described 7 . 
Labeled cells were detected by immunoperoxidase staining (Vector). 

When treated with Adriamycin, the parental (p21 +/ +) cells remained 
attached to the plate and appeared morphologically normal, as do other colorectal 
epithelial cell lines which growth arrest following DNA damage?. In contrast, the 
p21 -deficient cells (p21" / ) shrank, rounded, and detached from the dish, 
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suggesting apoptosis (Figure la and lb). To confirm this suggestion, cells were 
stained with the DNA-binding dye H33258, revealing a classic condensed and 
punctate nuclear morphology in the p21^ cells, while the p21 +/+ cell nuclei were 
homogeneous and round (Figure lc and Id). Hie condensed, punctate nuclei were 
stained intensely by TUNEL* 7 , which detects the presence of DNA breaks 
characteristic of apoptosis (Figure le and If). 

Example 2: Kinetics of Apoptosis following the Treatment of p21°Peficient Cells 
with Drugs o r Irradiation 

Cells were grown, fixed, and stained as described in Example 1. 
Irradiation was delivered at 1 Gy/minute using a m Cs source. Apoptotic cells 
were recognized as condensed, punctate nuclei (examples in Figure Id) or ghosts 
with faintly stained, degrading nuclei. At least 200 cells were counted for each 
time point, and the experiment was repeated with results virtually identical to those 
shown. The error bars represent the Poisson standard deviation determined by 
taking the square root of counted events and converting it to percent abundance. 
All counting was done in a blinded fashion. The (+ /-) cells contained one normal 
p21 allele and one allele deleted by homologous recombination 5 . 

Time course analyses demonstrated that apoptosis was complete between 
60 and 90 hours following Adriamycin treatment ( Figure 2a). The response to 
Adriamycin was found to be identical in a second, independently isolated p2 la- 
ctone (Figure 2a). 

To determine whether these observations were generalizable with respect 
to DNA-damaging agents, we treated the cells with the topoisomerase II inhibitor 
etoposide, gamma irradiation, and the topoisomerase I inhibitor camptothecan. 
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After etoposide or irradiation, the parental p21 +/+ cells remained healthy while 
their p21" A derivatives died, as judged both by phase contrast microscopy and 
H33258 staining (Figure 2b, 2c, and 2d). With camptothecan, the parental p21 +/ + 
cells eventually underwent apoptosis, but this was significantly delayed compared 
to p21-deficient cells (Figure 2d). Cells with one normal copy of p21 and one 
deleted copy (p21+'~) behaved similarly to the parental cells after treatment with 
Adriamydn and etoposide (Figure 2a, and 2b), while treatment with camptothecan 
or gamma irradiation revealed a heterozygote effect (Figure 2c, and 2d). 
Eyampte 3; CeJU Cycle Analysis of Pnig-Treated CeUs 

Cell growth, drug treatment, fixation, and staining with H33258 was 
performed as described in Example 2. Flow cytometry was performed as 
previously described 5 

Flow cytometry demonstrated that specific cell cycle changes were 
associated with this apoptotic process. Following 30 hours of exposure to 
Adriamydn, p21*'+ cells were blocked in Ol and G2 phases, with few cells in S 
( Figure 3c). In contrast, no Gl block was evident in the p21 v ~ cells 5 , so that a 
nearly pure population of G2-arrested cells was observed (Figure 3d). With longer 
treatments, the flow cytometry profile of p21 +/+ cells remained largely unchanged 
(Figure 3e, and 3g), indicating a stable growth arrest s , while the p21 v " cells 
began to accumulate DNA in excess of 4C, then died (Figure 3f, and 3h). These 
characteristic changes - abnormally high DNA content coupled with apoptosis - 
were observed in p21 v * cells following treatment with each of the DNA-damaging 
drugs (examples in Figure 3f, 3h, 3n, 3p). Following gamma irradiation, there 
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was a particularly striking accumulation of polyploid cells, with 33% and 15% of 
nuclei exhibiting DNA contents of 8C and 16C, respectively (Figure 31). 
Example 4: DNA Synthesis and Fluorescence In Situ Hybridization in p21- 
Ptfici ent Cells 

Cells woe grown and treated with Adriamydn as described in Example 1. 
After 60 hours of incubation, the cells were pulse-labeled with BrdU (5 uM) for 
l.S hours. The cells were then harvested, fixed on glass slides with 
methanol: acetic acid (3:1), treated with RNAse and pepsin 2 *, and FISH 
performed 29 with a PI clone derived from 3p21.1-3. The PI probe DNA was 
biotinylated by nick translation and detected with fluorescein isothiocyanate (FTTC) 
conjugated to avidin 30 . BrdU incorporation was detected by indirect 
immunofluorescence using an anti-BrdU antibody (5 ug/ml, Pharmingen) and an 
anti-mouse IgG TRTTC conjugate (Sigma). Cells were counterstained with 0.1 
ug/ml DAPI. Photographs were taken using a CCD camera (Photometries) after 
digital image acquisition and processing as described previously 29 

Previous studies have suggested that nuclei do not re-enter S phase during 
a block in G2 or M due either to the absence of required (positive) effectors or 
to the presence of negative effectors M . Our studies dearly show that a mayor 
effector of this M/S coupling in HCT116 cells is negative and identify it as p21. 
The p21 protein could achieve its effect by inhibiting cyclin-cdk complexes or by 
inhibiting proliferating cell nuclear antigen, a polymerase processivity factor 
required for DNA replication 9 * 10 . Hie lack of inhibition of cyclin-cdk complexes 
could also promote the subsequent apoptosis 1X14 The effects of p21 deletion 
described here are in some ways different from those caused by deletion of p21 
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in mouse fibroblasts 1516 . Whether such differences reflect cell type or species- 
specific factors is unclear; it is known that the control of S/M coupling is 
heterogeneous, differing significantly, for example, between different mammalian 
cell types 17 '" and between fission yeast and budding yeast \ 

The data also demonstrate that the absence of p21 renders cells remarkably 
sensitive to apoptosis following treatment with several cancer therapeutics. The 
cellular events accompanying this sensitivity appear uniform-cells initiate and often 
complete entire rounds of DNA synthesis in the absence of mitosis, leading to 
gross nuclear abnormalities followed by programmed cell death. These results 
provide experimental evidence for the hypothesis that disruption of checkpoint 
function could make mammalian cells more sensitive to chemotherapeutic agents 1 ' 
3.18.19 They also have potential implications for understanding the successes and 
failures of current cancer therapy, as naturally occurring cancers often have 
alterations of cyclins, cdk's, or cdk inhibitors (including p21) which could make 
them functionally equivalent to p21^ cells 20 * 2 . The data also suggest that the 
sensitivity of a cell to chemotherapeutic agents and irradiation will depend on the 
relative intactness of both its M/S coupling and apoptotic controls l7 - 23 . This may 
explain why p53-deficient cells are relatively resistant to cancer drugs 24 , as their 
apoptotic response is abnormal 2 *" 27 , unlike that in p21 -deficient cells 1516 . 

The principles, preferred embodiments and modes of operation of the 
present invention have been described in the foregoing specification. The 
invention which is intended to be protected herein, however, is not to be construed 
as limited to the particular forms disclosed, since they are to be regarded as 
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illustrative rather than restrictive. Variations and changes may be made by those 
skilled in the art without departing from the spirit of the invention. 
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CLAIMS 

1. A method for screening test compounds to identify those which are 
potential anti-tumor agents, comprising the steps of: 

determining DNA content of checkpoint gene-defective human cells 
incubated in the presence and in the absence of a test compound, wherein a test 
compound which causes DNA accumulation in the checkpoint gene-defective cells 
is identified as a potential anti-tumor agent 

2. The method of claim 1 wherein the DNA accumulation is in excess 
of four times the cells' haploid DNA content. 

3. The method of claim 1 wherein the DNA content of the cells is 
determined by staining the cells with a DNA-binding dye. 

4. The method of claim 3 wherein the DNA-binding dye is selected 
from the group consisting of H33258 and prppidium iodide. 

5. The method of claim 3 further comprising measuring the 
incorporation of the DNA-binding dye by flow cytometry. 

6. The method of claim 1 wherein the DNA content of the cells is 
determined by fluorescence in situ hybridization (FISH). 

7. The method of claim 1 wherein the checkpoint gene is selected from 
the group consisting of p21, pl6, pl5, p27, and p53. 

8. The method of claim 7 wherein the checkpoint gene-defective human 
cells are colonic cells. 

9. Hie method of claim 1 further comprising the steps of: 

determining DNA content of checkpoint gene-normal human 
cells incubated in the presence and in the absence of the potential anti-tumor agent; 
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identifying a potential anti-tumor agent which preferentially 
causes DNA accumulation in the checkpoint gene-defective cells as compared to 
the checkpoint gene-normal cells. 

10. The method of claim 9 wherein the DNA accumulation is in excess 
of four times haploid DNA content of the checkpoint gene-defective cells in the 
absence of the test compound. 

11. Hie method of claim 9 wherein the DNA content of the cells is 
determined by staining the cell with a DNA-binding dye. 

12. Hie method of claim 11 wherein the DNA-binding dye is selected 
from the group consisting of H33258 and propidium iodide. 

13. The method of claim 11 further comprising measuring the 
incorporation of the DNA-binding dye by flow cytometry. 

14. The method of claim 9 wherein the DNA content of the cells is 
determined by fluorescence in situ hybridization (FISH). 

15. The method of claim 9 wherein the checkpoint gene is selected from 
the group consisting of p21, pl6, pl5 f p27, and p53. 

16. The method of claim 15 wherein the checkpoint gene-defective cells 
are human colonic cells. 

17. A method of screening for potential anti-tumor agents, comprising 
die steps of: 

determining viability of checkpoint gene-defective human 
cells incubated in the presence and in the absence of a test compound; 

selecting a test compound which causes cell death in the 
checkpoint gene-defective cells. 
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18. The method of claim 17 wherein the viability of the cells is 
determined by applying a dye to the cell, incorporation of the dye by the cell 
indicating death of the cell. 

19. The method of claim 18 wherein the dye is trypan blue. 

20. The method of claim 17 wherein the checkpoint gene is selected 
from the group consisting of p21, pl6, p!5, p27, and p53. 

21. The method of claim 20 wherein the checkpoint gene-defective 
human cells are colonic cells. 

22. A method of screening for potential anti-tumor agents, comprising 
the steps of: 

determining apoptosis of checkpoint gene-defective human 
cells incubated in the presence and in the absence of a test compound; 

selecting a test compound which causes apoptosis in the 
checkpoint defective cells. 

23. The method of claim 22 wherein the apoptosis of the cells is 
determined by staining the cells with a DNA-binding dye and observing 
chromosomes of the cells, condensation of the chromosomes indicating apoptosis 
of the cells. 

24. The method of claim 23 wherein the DNA-binding dye is H33258. 

25. The method of claim 22 wherein the apoptosis of the cells is 
determined by subjecting DNA of the cell to gel electrophoresis, wherein 
observation of a DNA ladder indicates apoptosis of the cells. 
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26. The method of claim 22 wherein the apoptosis of the cells is 
determined by detecting abnormal breaks in DNA of the cells, wherein abnormal 
breaks in the DNA indicate apoptosis of the cells. 

27. The method of claim 26 wherein the abnormal breaks in the DNA 
are detected by terminal DNA transferase assay. 

28. The method of claim 26 wherein the abnormal breaks in the DNA 
are detected by nick translation assay. 

29. The method of claim 22 wherein the checkpoint gene is selected 
from the group consisting of p21, pl6, pl5, p27 f and p53. 

30. The method of claim 29 wherein the checkpoint gene-defective 
human cells are colonic cells. 

31. The method of claim 17 further comprising the steps of: 

determining viability of checkpoint gene-normal human cells 
incubated in the presence and in the absence of the selected test compound; 

identifying a selected test compound which preferentially 
causes cell death in the checkpoint gene-defective cells as compared to the 
checkpoint gene-normal cells. 

32. The method of claim 31 wherein the viability of the cells is 
determined by applying a dye to the cells, incorporation of the dye by a cell 
indicating death of the cell. 

33. The method of claim 32 wherein the dye is trypan blue. 

34. The method of claim 31 wherein the checkpoint gene is selected 
from the group consisting of p21, pl6, pl5, p27, and p53. 
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35. The method of claim 34 wherein the checkpoint gene-defective 
human cells are colonic cells. 

36. The method of claim 22 further comprising the steps of: 
determining apoptosis of checkpoint gene-normal human cells 

incubated in the presence and in the absence of the selected test compound; 

identifying a selected test compound which preferentially causes 
apoptosis in the checkpoint gene-defective cells as compared to the checkpoint 
gene-normal cells. 

37. The method of claim 36 wherein the apoptosis of the cells is 
determined by staining the cells with a DNA-binding dye and observing 
chromosomes of the cells, condensation of the chromosomes indicating apoptosis 
of the cells. 

38. The method of claim 37 wherein the DNA-binding dye is H33258. 

39. The method of claim 36 wherein the apoptosis of the cells is 
determined by subjecting DNA of the cell to gel electrophoresis, wherein 
observation of a DNA ladder indicates apoptosis of the cells. 

40. The method of claim 36 wherein the apoptosis of the cells is 
determined by detecting abnormal breaks in DNA of the cells, wherein abnormal 
breaks in the DNA indicate apoptosis of the cells. 

41 . The method of claim 40 wherein the abnormal breaks in the DNA 
are detected by terrninal DNA transferase assay. 

42. The method of claim 40 wherein the abnormal breaks in the DNA 
are detected by nick translation assay. 
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43. The method of claim 36 wherein the checkpoint gene is selected 
from the group consisting of p21, pl6, pl5, p27, and p53. 

44. The method of claim 43 wherein the checkpoint gene-defective 
human cells are colonic cells. 

45. A homozygous checkpoint gene-<iefective human cell line, 

46. The homozygous checkpoint gene-defective human cell line of claim 
45 which comprises colonic cells. 

47. The homozygous checkpoint gene-defective human cell line wherein 

the checlq>oint gene is p21. 

48. The homozygous p21-defective human cell line of claim 47 which 

comprises colonic cells. 

49. A pair of isogenic cell lines wherein a first cell line is a 
homozygous checkpoint gene-defective human cell line and the second cell line is 
a homozygous checkpoint gene-normal human cell line. 

50. The pair of isogenic cell lines wherein the checkpoint gene is p21. 

51. The pair of isogenic cell lines wherein the cell lines comprise 
colonic cells. 
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AMENDED CLAIMS 

[received by the International Bureau on 11 August 1997 (11.08.97); 
original claims 47 and 48 cancelled; original claim 45 amended; 
remaining claims unchanged (1 page)] 

43 . The method of claim 36 wherein the checkpoint gene is selected from the group 
consisting of p21, p!6, pl5, p27, and p53. 

44. The method of claim 43 wherein the checkpoint gene-defective human cells are 
clonic cells. 

45. A homozygous checkpoint gene-defective human cell line wherein the checkpoint 
fp^e is p21. 

46. The homozygous checkpoint gene-defective human cell line of claim 45 which 
comprises colonic cells. 

47. Canceled 

48. Canceled 

49. A pair of isogenic cell lines wherein a first cell line is a homozygous checkpoint 
g^ne-defective human cell line and the second cell line is a homozygous checkpoint gene-normal 
festian cell line. 

^. SO. The pair of isogenic cell lines wherein the checkpoint gene is p2 1 

SI. The pair of isogenic cell lines wherein the cell fines comprise colonic cells. 
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